Objective: To assess chemotherapeutic regimens for refractory acute myeloid leukemia (AML) and middle-and-high-risk myelodysplastic syndrome (MDS). Methods: Between 2004 and 2014, 44 patients with refractory AML and 36 patients with MDS were treated with new priming regimens (CHAG, CHTG, CHMG, or CTMG), and 77 patients with refractory AML and 52 patients with MDS were treated with conventional priming regimens (CHG or CAG). This was a single-center retrospective analysis of remission, adverse event, mortality, and survival. The capacity of clinical features (including the expression of co-stimulatory molecule B7.1 on tumor cells) to influence survival was assessed by multivariate Cox regression. Results: Complete and partial remission rates (RRs) were significantly higher in AML patients treated with new regimens compared to conventional ones (68.2% vs 13.6%, P0.05). Complete and partial remission were also significantly higher in patients with MDS treated with new regimens (55.6% vs 19.4%, P0.05). However, although survival advantages were observed in the first year, the new regimens did not significantly improve 3-year overall survival (P0.05). Patients administered the new regimens experienced more severe and sustained myelosuppression (P0.05), but no severe adverse events or treatment-related deaths were observed. The rate of non-hematological side effects did not differ significantly between treatment regimens (P0.05). Both RR and B7.1 expression were significantly higher in patients with AML-M2 and M5 (P0.05).
Introduction
Refractory acute myeloid leukemia (AML) and middle-and-high-risk myelodysplastic syndrome (MDS; refractory anemia with excess blasts [RAEB] and refractory anemia with excess blasts in transformation [RAEBT] ) are progressive clonal hematopoietic stem cell disorders associated with marrow dysplasia, ineffective hematopoiesis, and anemia. While chemotherapeutic regimen has demonstrated success in inducing remission, AML often progresses subsequently into refractory leukemia, and both AML and MDS are associated with diverse complications, short survival time, and poor long-term survival.
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Allogeneic hematopoietic stem cell transplantation (HSCT) is the most effective therapy for MDS and AML; however, as these diseases occur predominantly in older patients with a high rate of comorbidities, 8, 9 these patients have a low tolerance for both allogeneic HSCT and chemotherapy. [1] [2] [3] [4] [5] [6] [7] [8] [9] Although high-dose chemotherapy regimens including fludarabine, cytarabine (AraC), granulocyte colony-stimulating factor (G-CSF), and HSCT are helpful for some young patients, the transplant efficacy is low, myelosuppression is severe and persistent, and morbidities like severe infection and mortality are high, especially in those with advanced age, hypocellular leukemia (HLA), secondary leukemia, and high-risk MDS.
Nevertheless, low-dose priming regimens including AraC or aclarubicin (Acla) with G-CSF (CAG regimen) have been reported to be safe and effective and to cause few adverse events. [10] [11] [12] [13] [14] [15] [16] [17] G-CSF is thought to increase the fraction of leukemic cells in S-phase, allowing chemotherapeutics AraC and Acla, which target this phase of cell cycle, to induce tumor cell cytotoxicity. However, despite improved remission rates (RRs), long-term survival remains poor, and the cardiac toxicity associated with Acla limits its application in elderly patients with preexisting cardiac comorbidities.
The cephalotaxus plant alkaloid homoharringtonine (HHT) was reported to cause arrest of leukemic cell cycle, inducing apoptosis, 18, 19 and has been used in the treatment of AML in People's Republic of China for decades, 20 in combination with G-CSF and AraC priming (CHG regimen). [21] [22] [23] [24] [25] [26] [27] [28] As HHT arrests cell cycle at a different phase from AraC, these drugs are hypothesized to act synergistically. 29, 30 Here, we conducted a single-center retrospective study to assess the efficacy of new synergism-based, dose-enhanced, combined priming regimens in the treatment of refractory AML and middle-and-high-risk MDS. We compared the outcomes of patients treated with conventional CAG and CHG regimens with those treated with new regimens including the CHAG regimen (AraC, HHT, Acla, and G-CSF), CHTG regimen (AraC, HHT, pirarubicin (THP), and G-CSF), CHMG regimen (AraC, HHT, mitoxantrone, and G-CSF), and CTMG regimen (AraC, THP, mitoxantrone, and G-CSF), and aimed to identify demographic and clinical patient characteristics associated with outcomes.
Materials and methods Patients
This non-randomized, single-center, retrospective cohort trial was designed and conducted at the Hematology Department of the Second Affiliated Hospital of Xi'an Jiaotong 32 or as recurrent (n=47), drug-resistant AML (n=32), HLA (n=28), and secondary/transformed leukemia (n=14). MDS was categorized as either RAEB or RAEBT.
Baseline demographic and clinical criteria and Eastern Cooperative Oncology Group scores were determined at the time of treatment. A subset of patients was further examined by karyotyping and leukemia fusion gene analysis.
study design
The outcome of patients receiving conventional priming regimens (CHG and CAG) was compared to that of patients receiving new priming regimens (CHAG, CHTG, CHMG, and CTMG). Complete remission (CR), partial remission (PR), and nonremission were defined according to the Diagnostic and Therapeutic Criteria for Hematological Diseases, the Second National Refractory Leukemia Seminar criteria, and the International Workshop on Leukemia guidelines. RR was calculated as CR + PR. A regimen would be repeated when it achieved PR. The efficacy of the regimen (CR, PR, and nonremission) was evaluated by bone marrow morphology assessment 2 weeks after the end of the regimen.
Measurement of tumor cell expression of B7.1
The expression of B7.1 on bone marrow cells was assessed by immunostaining and flow cytometry before initiation of chemotherapy. Briefly, fresh bone marrow samples (2 mL) were mixed with heparin for Ficoll-Hypaque gradient centrifugation. The mononuclear cell fraction was subsequently routinely washed with phosphate-buffered saline three times and resuspended in phosphate-buffered saline OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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Priming regimens for leukemia at 1×10 6 /mL. M-fluorescein isothiocyanate-conjugated mouse anti-human cluster of differentiation 80 antibody (Biosciences Pharmingen, San Jose, CA, USA), was added to each sample, and staining was assessed by flow cytometry. A specimen was defined as positive if 20% of total cell count stained positive for B7.1, or otherwise as negative.
Therapeutic regimens
The conventional CHG priming regimen consisted of subcutaneous injection of 100 µg/m 2 of G-CSF, intravenous drip of 1.0 mg/m 2 HHT daily from d1 to 14, and subcutaneous injection of 7.5-10 mg/m 2 of AraC every 12 hours. G-CSF was administered from 2 hours before initiation of AraC to 12 hours before discontinuing the last dose of AraC. The conventional CAG priming regimen replicated the CHG regimen, but HHT was replaced with 12 mg/m 2 of Acla, administered every other day. The new CHAG priming regimen combined the CAG and CHG regimen, and both HTT and Acla were administered as previously described. The new CHTG priming regimen replicated the CHAG regimen, but Acla was replaced with 12 mg/m 2 of THP administered every other day. The new CHMG priming regimen replicated the CHAG priming regimen, but Acla was replaced with 2 mg/m 2 of mitoxantrone every other day. The new CTMG priming regimen replicated the CHTG priming regimen, but HTT was replaced with mitoxantrone.
The following symptomatic and supportive treatments were also used. G-CSF was continued after the course of chemotherapy if the peripheral white blood cell (WBC) count fell 20×10 9 /L until rebound at 20×10 9 /L. Recombinant human thrombopoietin and hemostatic therapy were administered where platelet (PLT) count fell 50×10 9 /L, and PLT suspension was injected if PLT count fell 20×10 9 /L or the patient exhibited hemorrhagic tendency. Erythrocyte suspension was injected to those with 60 g/L hemoglobin, poor cardiac/pulmonary compensation, or self-reported symptoms of ischemia. If grade IV myelosuppression occurred, patients were transported to a sterile laminar flow ward, and G-CSF was administered in addition to antibiotics, antifungals, and immune supportive therapy.
Where PR was achieved, the regimen was not assessed until 2 weeks after completion of the next course of treatment. Responsive patients were administered six to eight courses of maintenance therapy composed of the primary regimen, standard DA (soft erythromycin, cytarabine) regimen, and median dose-AraC regimen, while nonresponsive patients were eligible for this trial. Chemotherapy dose was reduced by 25% if grade IV (life-threatening) toxicity occurred.
Outcome analysis
Clinical manifestations, adverse events, electrocardiogram, bone marrow biopsy, bone marrow B7.1 expression, routine blood tests for liver and kidney functions, and cardiac enzymes were assessed pre-and post-chemotherapy. Bone marrow samples were taken, and minimal residual disease was assessed 1-2 weeks after chemotherapy was completed. Short-term curative effects were assessed after two courses of treatment.
Patients were monitored using weekly routine blood tests from the initiation of chemotherapy, and after each course of chemotherapy, bone marrow biopsy and minimal residual disease examination were performed.
Patients were followed up until December 31, 2014, with a mean follow-up ranging from 6 to 66.9 months (median, 37.2 months; shortest follow-up, 3 months). Nineteen patients (9%) were lost to follow-up. Overall survival (OS) was calculated, and survival curve plotted.
adverse event recording
The toxicity of chemotherapy was classified into 0 (none), I (mild), II (moderate), III (severe), and IV (life-threatening) based on the World Health Organization toxicity classification system and tagged according to the Common Terminology Criteria for Adverse Events Version 4.0 developed by the National Cancer Institute.
statistical analysis
Data were analyzed using SPSS 18.0 (IBM, Armonk, NY, USA). Continuous data were compared using the independentsamples t-test or the Mann-Whitney nonparametric test, as appropriate. Frequencies of each group were compared by Pearson's chi-squared test or continuous-corrected chi-squared test. Survival rate was estimated by the Kaplan-Meier method and compared using the log-rank test. The capacity of clinical features to influence outcome and survival was assessed by multivariate cox regression. P-value was derived from twotailed tests, with P0.05 defined as significant difference.
Results
Patient demographic and clinical characteristics
A total of 209 patients with either refractory AML (n=121) or middle-and-high-risk MDS (n=88) were enrolled in this non-randomized, single-center, retrospective cohort study ( Table 1) . The outcome of patients receiving conventional priming regimens (CHG and CAG) was compared to that of patients receiving the new priming regimens (CHAG, CHTG, CHMG, and CTMG). Forty-four patients with AML and 36 patients with MDS received new priming regimens, and 77 patients with AML and 52 patients with MDS received conventional priming regimens. The demographic and clinical characteristics of the patients assigned to the new priming regimens (n=80) did not differ significantly from those assigned to the conventional priming regimens (n=129) (P0.05; 
B7.1 expression on tumor cells
The rate of bone marrow blast B7.1 expression was significantly higher in patients with AML (51.2%) than in patients with MDS (10.2%), and was significantly higher in patients with AML-M2 (64.4%) or AML-M5 (65.8%) than in the other AML subgroups (all P0.05). For individual patients, B7.1 expression was positively correlated with the efficacy of priming regimen. In other words, most patients responsive to chemotherapy were exhibiting bone marrow blast B7.1 expression, whereas B7.1-negative patients rarely responded to any treatments ( Table 2) . (Figures 1B, 2B, and 3B ).
Subgroup analysis revealed that patients younger than 70 years had a slightly but not significantly higher RR than those 70 years (80.0% vs 76.7%, P=0.787). Patients with 30% myeloblasts had a slightly but not significantly (Figure 4 ).
cox survival analysis
To determine the clinical predictors of outcome, multivariate Cox regression was used. The results showed that the complex karyotype was an independent prognostic factor for survival (hazard ratio 4.427, 95% confidence interval 2.687-7.295), while chemotherapy regimen, WBC, and rate of bone marrow blast B7.1 expression were not (Table 3 ). 
3667
Priming regimens for leukemia safety and toxicity Within the 4 weeks following the completion of chemotherapy (mean duration, 5-26 days), adverse events such as agranulocytosis, thrombocytopenia, and anemia were recorded. AML and MDS patients administered new priming regimens suffered from more severe and sustained myelosuppression than patients administered the conventional priming regimens (P0.05); however, no severe hemorrhage, infection, or treatment-related death was observed in this sample. The rate of non-hematologic toxicities such as gastrointestinal, cardiac, hepatic, or renal dysfunction did not differ significantly between patients administered new or conventional priming regimens (P0.05), and these dysfunctions resolved with timely proactive interventions ( Table 4) .
Discussion
In this single-center retrospective study, we compared the efficacy of conventional and novel chemotherapeutic regimens for the treatment of patients with refractory AML or middle-andhigh-risk MDS. The established low-dose chemotherapeutic regimens CHG and CAG have been reported to be safe and effective, and to cause few adverse events, [10] [11] [12] [13] [14] [15] [16] [17] though the rate of cardiac toxicity associated with Acla limits its application in elderly patients and long-term outcomes remain poor.
In this study, we found that more patients with AML and MDS treated with the new chemotherapeutic regimens (CHAG, CHTG, CHMG, and CTMG) achieved CR and PR compared to AML patients treated with conventional regimens. The new regimens were associated with survival advantages in the first year, but they did not significantly improve 3-year OS. In addition, patients administered new regimens experienced more severe and sustained myelosuppression, but no severe adverse events or treatment-related death was observed, and the rate of non-hematologic side effects did not differ significantly between treatment regimens. All the adverse effects were successfully treated after proactive intervention, suggesting that the severe adverse effects were not increased while the dose was increased, finally resulting in improved benefits for the patients.
A previous study reported that a GHA priming regimen containing G-CSF, HHT, and low-dose AraC was effective for relapsed/refractory AML and middle-and-high-risk MDS with excess blasts. 33 Pre-chemotherapy administration of G-CSF is thought to drive G0-phase cells into the 33 Low-concentration decitabine has been reported to demethylate a key transcription factor of myeloid differentiation in vitro, and to induce cell maturity and remission of leukemia; however, the clinical efficacy of decitabine alone remains low. A priming regimen combining decitabine with low-dose AraC was thus hypothesized to improve efficacy, though the optimal administration sequence and required dosage remain to be determined. A more effective, lowly toxic, applicable, localized, tolerable, and economical combined priming regimen based on GHA regimen should be developed for relapsed/refractory AML and middle-and-high-risk MDS with excess blasts.
Liu et al reported that CAG regimens containing Acla 5-7 mg/m 2 for 14 days resulted in a significantly higher RR than conventional priming regimens without increasing adverse events, indicating that an appropriately increased dose may effectively maximize the therapeutic effects. 15 In order to maximize drug synergism and minimize drug resistance, we assessed the clinical outcomes associated with four different priming regimens and found that the novel regimens performed better than conventional ones.
Chen et al 34 also reported a higher RR, better tolerability, and more survival advantages using modified CHAG priming regimens, probably owing to drug synergism of combined priming regimens. We compared the therapeutic efficacy between different subtypes of AML and MDS and reported for the first time significantly higher effective rates in patients with AML-M2 and M5. Additionally, Cox analysis indicated that complex karyotypes were an independent prognostic indicator of longer survival, indicating that the assessment of prognostic factors and treatment stratification may allow new priming regimen to be tailored to the disease profile to improve efficacy.
Tumor cells may evade host immunosurveillance by inactivating T cell-mediated specific antitumor immune responses by limiting expression of tumor-specific antigens or depressing expression of major histocompatibility complex or co-stimulatory molecules (especially B7.1). [35] [36] [37] [38] In our study, levels of blast B7.1 expression differed significantly between patients with AML and MDS, and between patient subtypes. The patients with AML-M2 and M5 exhibited significantly higher levels of B7.1 expression than the other AML subgroups, and B7.1 expression was positively associated with the efficacy of individual priming regimen. This association and the mechanisms underlying it should be further validated in a larger patient group. As this study included a limited number of patients at a single site, the results will require validation using larger prospective multicenter randomized controlled trials. The potential improvement associated with individual regimen could also be directly compared in a larger sample.
